We have demonstrated that DSCR1 acts as a negative regulator of calcineurin-mediated signaling and that its transcript is overexpressed in the Down syndrome (DS) fetal brain. To evaluate the possible involvement of DSCR1 in DS, we have cloned the mouse gene and analyzed its expression pattern in the central nervous system (CNS). Early expression of Dscr1 is detected mainly in the heart tube and in the CNS in rhombomere 4 and the pretectum. From embryonic day 14.5 onwards, Dscr1 is widely distributed in the CNS but becomes more restricted as the brain matures. We con®rmed its neuronal expression pattern in the adult, preferentially in Purkinje and pyramidal cells, by double labeling with glial ®brillary acidic protein. We also show that although Dscr1 is present in trisomy in the Ts65Dn mouse, the adult brain expression pattern is not signi®cantly altered. This expression pattern indicated that Dscr1 is a developmentally regulated gene involved in neurogenesis and cardiogenesis and suggests that it may contribute to the alterations observed in these organ systems in DS patients. q
Results and discussion
The expression of Dscr1 (the mouse orthologue of DSCR1 on human chromosome 21q22) was ®rst analyzed in mouse embryos and in adult tissues by Northern blot. We detected a speci®c transcript as early as embryonic day (E) 7 (Fig. 1A) . In the adult mouse (Fig. 1B) , Dscr1showed a similar organ distribution to that observed in humans (Fuentes et al., 1995) .
Whole-mount embryos from E9.5 to 12.5 were subjected to RNA in situ hybridization (ISH) using a Dscr1 probe. At E9.5 and 10.5 signal was present in the heart tube. The transcript was detected in the truncus arteriosus, the bulbus cordis and the primitive ventricle where expression is abruptly stopped at the atrio-ventricular border ( Fig.  2A,B) . From E9.5 onwards, the transcript was also detected in the neural tube. At E11.5 and 12.5 Dscr1 was expressed in the telencephalic vesicle, the caudal hypothalamus, the pretectum and in the basal plate of the hindbrain and spinal cord, predominantly in rhombomere 4 and spreading over the rostrocaudal region at E12.5 (Fig. 2C±E) .
Dscr1 expression in the CNS of embryos older than E14 and in postnatal animals was analyzed on free-¯oating coronal brain sections. From E14.5 to postnatal day (P) 0 Dscr1was present in zones of neuron proliferation and differentiation. Prominent expression was observed in the telencephalon, the hypothalamus, the pretectum, the cortical plate, the striatum and the amygdala (Fig. 3A±C,J) . Dscr1 expression was also found in the midbrain, hindbrain and spinal cord (not shown).
In the postnatal forebrain, prominent expression was found in the olfactory bulb (Fig. 3F,G) , in layers II±III and V of the cerebral cortex (Fig. 3H,I ), in pyramidal and granule cells of the hippocampus and dentate gyrus (Fig.3D,E) , in the striatum and septum (Fig. 3J) , in the amygdala, in the hypothalamus and in the habenula (Fig.  3C±E ). Dscr1 was expressed at moderate to low levels in several nuclei of the thalamus (i.e. the medial geniculate nucleus). In the midbrain and hindbrain, Dscr1was mainly located in the superior and inferior colliculi, in the substantia nigra, in the mammillary nucleus (Fig. 3L,M) , and in the Purkinje cells of the cerebellum (Fig. 3N ,O). High levels of the transcript were also found in the locus coeruleus, olivary nuclei, dorsal raphe, the nucleus of the solitary tract, the sensory and motor nuclei of the cranial nerves and in scattered neurons along the spinal cord (not shown). As development proceeded from postnatal to adult, Dscr1 expression became more restricted as seen when comparing the cortex (Fig. 3H,I ), the striatum (Fig. 3J ,K) and the cerebellum (Fig.  3N,O) .
To determine the cell-type distribution of Dscr1 we performed double labeling, by RNA ISH for Dscr1 and with an anti-glial ®brillary acidic protein (GFAP) antibody to stain astroglial cells. This con®rmed that Dscr1 expression was con®ned to neurons (Fig. 3P) .
To ascertain whether the genome of the Ts65Dn mouse (Davisson et al., 1993) has three copies of Dscr1, we mapped Dscr1 to the distal third of MMU16 and con®rmed its presence on the derived 16/17 chromosome by¯uores-cent in situ hybridization (FISH) (Fig. 4A) . To investigate whether trisomy results in aberrant Dscr1expression in the Ts65Dn brain, we performed ISH on Ts65Dn brain sections and found no differences in its pattern of expression when compared to control littermates (Fig. 4B±D ).
The distribution of Dscr1 suggests that it is a developmentally regulated gene involved in cardiogenesis and neurogenesis. DSCR1 negatively regulates calcineurin signaling, at least via the nuclear factor of activated T cells (NF-AT) pathway (Fuentes et al., 2000; Rothermel et al., 2000) . Interestingly, NF-ATc, which is involved in cardiac morphogenesis (de la Pompa et al., 1998; Ranger et al., 1998) , is expressed in the heart tube at the same embryonic stages as Dscr1. In the adult CNS, except for the striatum, Dscr1 is expressed in the same regions as calcineurin (Kuno et al., 1992; Sola Á et al., 1999) that plays a key role in neuronal differentiation, synaptic plasticity and neurotransmitter release (Yakel, 1997) .
In conclusion, given the distribution of Dscr1 in the brain and heart, it is feasible that, if expressed aberrantly, Dscr1 could affect the normal development of these organs, resulting in some of the defects observed in DS.
Methods
A Dscr1 partial cDNA clone (accession no. AF260717, nt 484±2125) was obtained by screening a mouse fetal brain cDNA library (Clontech) with the full-length human cDNA as a probe. This clone was used as a probe for FISH (Nadal High-magni®cation photomicrograph of the dentate gyrus (DG) with double labeling for Dscr1 (purple reaction color) and GFAP (brown reaction color) showing that GFAP-positive astrocytes (arrows) do not express Dscr1. CA, Ammon's horn pyramidal cells; cc, corpus callosum; Cg, cingulate cortex; EGL, external granule cell layer; GE, ganglional eminence; St, striatum; T, thalamus; Pir, piriform cortex; Gl, glomerular cell layer; Gr, granule cells; Hb, habenula; Hi, hilus; IGL, internal granule cell layer; M, mammillary nucleus; MG, medial geniculate nucleus; ML, molecular layer; PL, Purkinje cell layer; S, septum; SC, superior colliculus; SNC, substantia nigra compacta; SNR, substantia nigra reticulata; vl, lateral ventricle; WM, white matter; I±VI, cortical layers. Scale bar: 400 mm in A±G, J±M; 200 mm in H,I,N,O; 50 mm in P. et al., 1996) and for Northern blot analysis (Clontech). A 1641 bp fragment of the clone was obtained by polymerase chain reaction (PCR) with M13 primers, puri®ed and used as a template to generate sense and antisense riboprobes for ISH using either T3 or T7 RNA polymerase.
Whole-mount ISH on embryos from E9.5 to E12.5 was performed essentially as described (Henrique et al., 1995) . Free-¯oating ISH in embryos older than E14.5 and postnatal animals were processed as described (Alca Ântara et al., 1998) . 
